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GOAL: To allow for predictive design of TFPV devices by eliminating the ambiguity between the observed device performance and the physical root cause.

INNOVATION: Develop advanced physical models describing capture/emission/ recombination phenomena relevant to multivalent dopants, amphoteric centers, and donor-acceptor pairs. These models, incorporating grain bulk, grain 

boundaries, and hetero-interface properties, will be implemented in a self-contained simulation tool that will drastically reduce interpretation ambiguity and, for the first time, allow for predictive design of TFPV.

NUMERICAL ENGINE DEVELOPMENT:
• Algorithmic:

New Splitting Algorithm developed to handle fast reactions

Simultaneous reaction solver implemented for 0D, 1D and 2D.

Improved efficiency for all cases. (27x for base 0D case)

• Task Manager / Numerical Engine interface defined and implemented

• 2D Prototype developed 

Flexible Class Interfaces work for problems in any 

dimension 

• Fixed the data standard between 

numerical engine and task manager.

• Task manager is a black box to 

numerical engine and vice versa.

• Supports parallel development of 

task manager infrastructure and 

numerical engine algorithms.

• All the interface data variables are 

2D arrays for language flexibility.

• Interface variables are visible to numerical engine and solver classes.

• Abstract solver classes for reaction, diffusion and Poisson equation.

• Each numerical algorithms for a solver will be an inherited class to 
these abstract classes.

• Currently supports simultaneous reactions; Slotboom diffusion solver 
and Scharfetter-Gummel diffusion solver; standard, linearized, and 
DAE Poisson solver.
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• Development targets in II-VI TFPV:

 Graded bandgap absorber

 High & stable P-type absorber doping

 Long bulk lifetime & high-quality hetero-
interfaces

• Traditional approach to development:

o Empirical learning under high-level 
theoretical guidance

• Challenges of traditional approach:

o High cost. Often need production line to 
run experiments

o Too many nobs. Change of unit process 
requires up- and down-stream optimization

THIN-FILM PV DEVELOPMENT: NEED FOR PREDICTIVE SIMULATION

 216-atoms supercell, HSE06

 VASP, MedeA® sofware

environment

 Ohio Supercomputer Center

TWO USE CASES: “SINGLE-CRYSTAL” AND “HALF-GRAIN”

Terminal interfaces (two)
• Collocates with horizontal domain boundaries
• Allows non-zero external fluxes
• Locally-defined properties of species and reactions 

Inter-grain interface (one)
• Collocates with vertical (right) domain boundary
• Zero external flux only
• Locally-defined properties of species and reactions 

Intra-grain interfaces (could be many)
• Parallel to terminal interfaces (parallel to substrate)
• Locally-defined properties of species and reactions 

Axis (plane) of symmetry
• Nothing else

2D problem

“Half-grain”

Quasi-1D problem

“Single-crystal”

Substrate orientation (horizontal)

Uniform Non-Uniform

 Orthogonal interfaces only; one vertical interface at most. 

• Implementation of arbitrary GBs in 2D is very costly in terms of mesh points

• Based on learned lessons, we simplified definition of generic use cases

Simulation challenges in graded alloys:

 Alloy formation strongly correlates to grain growth 

 Asymmetric or even unilateral mass transport across the GB

 Position-dependent properties of species and reactions

 Lattice sites no longer assigned to specific elements

GUI DEVELOPMENT:

• Successfully developed and tested data communication 

between C++ program and Matlab code/C++ Dynamic-link 

library (DLL)

• Created a working prototype of the GUI

• Set up the project database, and connected to GUI 

prototype

Qt Framework for GUI Development

• Cross-platform application & GUI framework

• Object oriented Design • High performance & stability

(FSLR)
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 Graded alloys are present in high performing CdTe based solar cells
 Position dependent properties of species and reactions are needed
 Lattice sites no longer assigned to specific elements.


